The aim of the present study was to evaluate the association between serum testosterone and PSA levels in middle-aged healthy men from the general population. Materials and Methods: Based on 119 healthy men from the general population, total testosterone and PSA levels were measured. Demographic data regarding BMI, waistto-hip ratio, smoking, and alcohol consumption were also collected. Men were classified into two groups according to testosterone levels; hypogonadal (testosterone ≤ 12 nmol/l), and eugonadal (testosterone > 12 nmol/l). Results: The mean age of the subjects was 55 years (range 46-60 years). No significant correlation between serum testosterone and PSA levels was found (p = 0.60). PSA levels were similar when compared between hypogonadal and eugonadal men (1.4 µg/l vs. 1.4 µg/l, p = 0.90).When using a multivariate analysis model adjusted for the age of the subjects, BMI, waistto-hip ratio, smoking, and alcohol consumption, a positive significant association between testosterone and PSA levels was found (β = 0.03, 95 % CI = 0.003-0.062, p = 0.03). Conclusion: Only after adjusted multivariate analysis, our results indicated that testosterone was associated with PSA levels in middle-aged healthy men.
Introduction
Testosterone is essential for the development of the prostate during early fetal life, and to maintain a trophic and differentiating effect throughout childhood and adult life [1] . PSA is a 240 amino acid serine protease produced by human prostatic epithelial cells; its levels in serum have been correlated with prostate volume and prostate cancer [2, 3] .
The regulation of cellular production of PSA is not fully understood. A postulated mechanism regulating PSA production consists of free testosterone being taken up by the prostatic epithelial cells, converted to 5α-dihydrotestosterone by 5α-reductase type II, binding to the androgen receptor and interacting with the androgen responsive element located upstream from the PSA gene [4] [5] [6] . Evidence supporting this mechanism in multiple studies shows a decrease of PSA levels in men with benign prostatic hyperplasia and prostate cancer following androgen deprivation [7] .
Understanding the association between testosterone and PSA levels is therefore, important, especially considering testosterone replacement therapy (TRT) and risk of prostatic disorders especially prostate cancer. In this regards, the results of reports regarding testosterone-PSA relationship are inconsistent indicating no association [8, 9] or a positive association [10] [11] [12] [13] [14] . This discrepancy Curr Urol 2016;10: [40] [41] [42] [43] [44] Association between Testosterone and PSA Levels 41 might be attributed to the fact that most of the studies investigated the association between testosterone and PSA were conducted on men receiving TRT [8, [10] [11] [12] [13] [14] . Therefore, the aim of the present study is to investigate the association between testosterone and PSA levels in healthy men based on data from 119 middle-aged healthy men from the general population.
Materials and Methods
This study was based on 119 middle-aged healthy men from the general population in the southern part of Sweden between 2006 and 2008. In brief, an invitation letter was sent to men aged 40 to 60 years in the southern part of Sweden, asking them to participate in a study about male sexual function and subclinical cardiovascular disease. Enclosed in the envelope were two questionnaires regarding their general medical health and sexual function. Men who were interested in taking part in the study were asked to sign a written informed consent and submit it to the Department of Cardiology, Malmö University Hospital along with the completed questionnaires. A medical doctor then examined the completed questionnaires, and men who were found eligible were scheduled for an interview and a thorough medical examination.
The questionnaire return rate was 16% (255/1, 601). Of the 255 returned questionnaires, 108 were excluded (mainly due to prevalent cardiovascular disease such as hypertension). Of the remaining 147 men, 28 (19%) were further excluded, one with pathological echocardiogram, one with abnormal urological findings, 11 that did not want to continue, and 15 that were excluded due to other causes, resulting in 119 healthy men with full medical examinations who were included in this study.
Exclusion criteria were past or present history of medical diseases including psychological diseases, or prescription of regular medications during the last 6 months prior to inclusion. Men outside the range of 40-60 years of age were not included.
Demographic data regarding height, weight, waist circumference, hip circumference, as well as unhealthy habits including smoking and alcohol consumption were also collected. Each man was asked to deliver a blood sample for analysis of total amount of PSA and testosterone. The samples were derived between 07:00 and 10:00 am.
A few men included in the analysis had missing data on one or more of these variables: PSA (11 men) and testosterone (11 men). The main outcome measure was the association between serum levels of testosterone and PSA.
Statistical Analysis
Statistical analyses were done using the SPSS software version 16 (SPSS, Inc; Chicago, IL). The correlations between testosterone levels, PSA levels, age, BMI, waist-to-hip ratio were performed using the Spearman's rank correlation coefficient test. Men were classified according to testosterone levels into hypogonadal (testosterone levels ≤ 12 nmol/l), and eugonadal men (testosterone levels > 12 nmol/l) based on the classification by Bhasin et al. [15] . Thereafter, the age of the subjects, BMI, waistto-hip ratio, and PSA levels were compared between groups using the Mann-Whitney U test. Finally, using a multivariate regression analysis model, we tested the association between testosterone levels, and PSA levels as dependent variable when adjusting the analysis for the age of subjects (46-50, 51-55, and 56-60 years), BMI (< 25, 25.1-29.9 , and ≥ 30 kg/cm 2 ), smoking (never, past/ current), alcohol consumption (yes, no). P-values below 0.05 were considered statistically significant.
Results
The characteristics of the study population are summarized in table 1. There was a weak negative significant correlation between testosterone levels and BMI (r = -0.30, p = 0.01). The opposite trend was found regarding PSA levels and the age of the subjects (r = 0.30, p = 0.01). On the other hand, there were no significant correlations between testosterone and PSA levels; testosterone and the age of the subjects; and PSA and BMI (p > 0.05) (table 2) .
Men who were classified as being hypogonadal were older and had higher BMI as compared to those who were classified as being eugonadal (56 vs. 55 years, p = 0.03), (28 vs. 26 kg/cm 2 , p = 0.01) respectively. On the other hand, waist-to-hip ratio and PSA levels did not differ significantly between groups (p = 0.09, p = 0.90) respectively (table 3). In a multivariate regression analysis model adjusted for the age of the subjects, BMI, waist-to-hip ratio, smoking, and alcohol consumption, a weak positive significant association between testosterone and PSA levels was found (β = 0.03, 95% CI = 0.003-0.062, p = 0.03) (table 4).
Discussion
Based on 119 middle-aged healthy men from general population, a weak positive significant association between testosterone and PSA levels was seen only after adjusting the analysis to the age of the subjects, BMI, waist-to-hip ratio, smoking, and alcohol consumption indicating that serum testosterone was associated with PSA in the middle-aged healthy men.
According to the androgen saturation hypothesis, the human prostate androgen receptor saturation is reached at relatively low testosterone levels. Consequently, restoring circulating testosterone levels to within the normal physiologic range should have a minimal impact on testosterone-dependent prostate functions including PSA production [16] . The present study demonstrated a weak positive significant association between testosterone and PSA levels using adjusted multivariate analysis. These results are in accordance with previous reports [17] . It is, therefore, reasonable to postulate that testosterone is associated with PSA in healthy men without prostatic disorders.
It has been postulated that PSA levels increased in response to all types of TRT, regardless of whether the testosterone levels were raised endogenously or exogenously [11] . However, other researchers claimed that PSA levels remain stable after normalization of testosterone and that the increased risk of prostate cancer among men with low onset hypogonadism on TRT is not significantly higher than that in the general population [10, 18, 19] . Marks et al. [20] investigated the effect of TRT on prostate tissue and suggested that TRT for 6 months in patients with low onset hypogonadism increased serum testosterone levels to the mild-normal range, but ap- Table 2 . Correlations coefficients (r) between testosterone, PSA levels and the age of subjects; BMI; waist-to-hip ratio from 119 middle-aged healthy men from the general population. The present study has some limitations. Although the men invited were randomly chosen from the general population, the participation rate in this study was only 16%, and one could question whether this group of men was representative for the general population of middle-aged Swedish men. Since no information was available for the men who chose not to reply to on the questionnaires, the characteristics of this group could not be compared to that of the included group of men. However, the results of the present study are still valid and support the hypothesis that testosterone associate PSA levels in healthy men without prostatic disorders.
In conclusion, our results showed no significant correlation between testosterone and PSA levels. However, when using a multivariate analysis model adjusted for the age of subjects, BMI, waist-to-hip ratio, smoking and alcohol consumption, we found a weak positive significant association between testosterone and PSA levels in middle-aged healthy men from the general population.
